On the contribution of gratings with laterally graded groove depths to the design and performances of SOLEIL soft X-ray monochromators B Lagarde, F Sirotti, A Taleb-Ibrahimi et al. (001) Abstract. The DEIMOS (Dichroism Experimental Installation for Magneto-Optical Spectroscopy) beamline is a SOLEIL Phase-II beamline and has been opened to users since March 2011. It delivers polarized soft x-rays to perform x-ray absorption spectroscopy, x-ray magnetic circular dichroism and x-ray linear dichroism in the energy range 350-2500 eV. The beamline has been optimized for stability and reproducibility in terms of photon flux and photon energy. The main end-station consists in a cryo-magnet with 2 split coils allowing 7T along the beam or 2T perpendicular to the beam with a variable temperature on the sample from 370K down to 1.5K.
Introduction
The DEIMOS (Dichroism Experimental Installation for Magneto-Optical Spectroscopy) beamline is the beamline dedicated to soft x-ray dichroic measurements at SOLEIL * . Such measurements are obtained by comparing two x-ray absorption spectroscopy (XAS) curves taken with different sample states and/or different light polarizations [1] . The photons source is constituted by 2 undulators installed on the I07-m medium straight section of the SOLEIL storage ring: a 2.2 m long Apple II helical undulator with a period of 52.4 mm, providing variable polarization over the full energy range of 350-2500 eV and the EMPHU-65 undulator currently under commissioning by the insertion group [2] . The energy range covers the principal chemical elements linked to materials showing interesting magnetic properties: the first row transition metal L 2,3 -edges, the rare earth M 4,5 -edges, and the K-edge of light elements (C, N, O and S). The beamline is primarily dedicated to study the magnetic and electronic states of nanoscale structures. X-ray Magnetic Circular Dichroism (XMCD) and X-ray Linear Dichroism (XLD) are indeed very sensitive techniques allowing to probe minute amounts of matter [3, 4] with the unique capability to provide magnetic and electronic informations with chemical and orbital selectivity [5] . The magnetic contrast is obtained by a sample environment allowing large magnetic field and low temperatures; therefore, our main end-station is a superconductive cryo- magnet producing 7T along the beam or 2T perpendicular to the beam, while the temperature on the sample ranges from 1.5K to 370K. As the dichroic technique is based on the comparison between two absorption spectra there are several key points in building such a beamline: (1) the source has to be optimized for polarization and (2) the stability and reproducibility in terms of photon flux and photon energy have to be optimal. In this paper we will concentrate on the former and present the results of the commissioning of the polarization based on the calculations coming from the magnetic characterization of the undulator and experimental measurements using the dichroism technique on reference samples.
Measurement of the polarization
In the process of building an undulator the more critical point is the fabrication of the arrays of magnets with the right characterization [6] . Once the undulator is done, magnetic measurements performed for several gaps and phases, are used as input for the SRW package [7] in order to build the tables giving the theoretical polarization rates for each polarization. These tables give the relation between the parameters of the undulator (gap and phase) and the parameters of the photon beam (energy, polarization). However, these values do not take into account all the experimental conditions (shape and position of the electron beam and angular acceptance of the beam line) and an experimental determination of the relation (gap, phase) v.s. (energy, polarization) is mandatory.
For a given gap the undulator emits photons inside a cone with a specific spatial and energy distribution. Using the variable aperture gap of the diaphragm, located ~13 m from the source before any optical element, one can tune the angular acceptance from 0.07 to 0.2 mrad (working values). Small angular acceptance permits to select essentially the on-axis emitted light, for which the maximum flux is obtained for energies very close to the calculated theoretical values; larger acceptance gives greater flux, with a maximum at lower energy compare to the on-axis geometry; the off-axis light can introduce undesired polarization.
All these elements make the characterization of the polarization for each harmonic an important issue even; this particularly holds at DEIMOS beamline where high degrees of polarization are crucial. Using the Stokes parameters [8] and assuming a fully polarized light, the polarization rate for a defined polarization can be written as S i /S 0 , where S 1 = |E x ² -E y ²|, S 2 = |E 45°² -E 135°² | and S 3 = |E right ² -E left ²|, while S 4 is the unpolarized component and S 0 corresponds to the total intensity. In our case the objective is to have the polarization rate |S 1 | or |S 3 | as close as possible to 100% when working respectively with linear or circular polarization. Consequently, one part of the commissioning of an undulator is the determination of the Stokes parameters. They can be obtained by the use of dedicated polarimeters [9] working at defined energies. However, such devices cannot be implemented easily and the idea behind the present work was to use dichroic measurements on reference samples to obtain an experimental measurement of the Stokes parameters with various beamline settings.
In this paper we will concentrate on the characterization of the degree of polarization of the circular geometry (S 3 Stokes parameter) because it represents ~90% of the research activity on our beamline. We have measured two reference samples: a film of Co prepared in situ and a film of Gd prepared ex situ, allowing characterization at 2 different energies. Moreover, Gd was chosen because the M 5 absorption edge energy (1177 eV) is compatible with measurements using the first, second and third harmonic of the undulator emission.
The amplitude of the XMCD signal is only given by the magnetic moment of the sample and the rate of circular polarized light. This means that recording the XMCD maximum, while the sample is maintained in the same magnetic state, is a good way to measure the effect of different beamline settings on the rate of circularly polarized light. The maximum of the XMCD signal (at the energy E xmcd = 770 eV for Co and 1177 eV for Gd) is obtained for a polarization rate of ~99.65% according to the SRW calculation and all the measurements have been normalized to this value assuming that the optical reflections (always below 10° in our case) are only introducing negligible loss in polarization rate. In the first measurement we have characterized the circular polarization dependence with the opening of the diaphragm, i.e. the angular acceptance of the beamline for different values of the undulator energy. The energy of the photons, defined by the monochromator, is kept constant at the energy E xmcd giving the higher XMCD signal. The difference between the energy defined by the monochromator and the one giving the maximum flux for the undulator is called offset = E undulator -E monochromator ; an offset of 0 eV corresponds to an energy value of the undulator optimized to give the maximum flux at E xmcd . We remind here that the choice of the offset has also a strong impact on the geometric shape of the monochromatic beam: while the vertical and linear profiles are essentially Gaussian for an offset close to -10 eV (on axis emission), the shape transforms towards a doughnut for higher offset values. Such shape can be harmful in case of an uniform beam profile, which is not our case because samples are expected to have uniform properties over the probing beam spot (from 80x80µm 2 to 800x800µm 2 ). On Figure 1 .a we can clearly see that the maximum polarization is obtained for an offset of -10 eV. This corresponds actually to the theoretical optimal position of the undulator, i.e. to the on axis emission. For an offset of 0 eV the optimal acceptance is around 0.08 mrad. The main conclusion from these measurements is that a diaphragm too much open can induce a loss of few percent of circular polarization. Moreover, the offset has also to be chosen carefully: an offset of 0 eV, to optimize the flux, already means a loss of ~1% of polarization rate compared to the optimal conditions. If we distinguish circularly right and left polarizations (Figure 1 .b) we can also observe that right circularly position gives slightly higher values than the circularly left geometry. This asymmetry results from the asymmetry of the magnets geometry and was expected from the magnetic characterization of our undulator. The theoretical values of the rate of circular polarized light coming from the SRW calculations are non-symmetric with a difference of ~0.04% around 770 eV; which is on the same order of magnitude as our experimental measurement.
To characterize the effect of the choice of the harmonic on the polarization rate we have used a Gd film. Figure 2 has been obtained with the offset taken at 0 eV (standard experimental conditions giving the larger photon flux). We can easily see that the 3 harmonics have always a circular polarization rate better than 93% over the complete angular acceptance range, while the optimal acceptance is comprised between 0.07 and 0.11 mrad. Nevertheless, the first harmonic has a higher polarization rate over a wider region and the second harmonic has the smallest polarization rate (98%) for the optimal angular acceptance. The choice of the angular acceptance is really critical for the third harmonic with rapid loss of polarization rate outside the range 0.07 and 0.11 mrad. 
Summary
For a beamline dedicated to dichroic measurements the knowledge of the polarization rates is critical. One cannot rely entirely on the calculated polarization based on the magnetic characterization of the undulator and a commissioning of the undulator is mandatory. To measure the polarization of a beamline several polarimeters have been developed [2] . However, while allowing a complete determination of the Stokes parameters at defined energies they are not straightforward to install on an user-open beamline. In this work, we show that the use of XMCD on reference samples allows a good characterization of the correlation of the circular polarization rate (S 3 Stokes parameter) with several parameters of the beamline like the angular acceptance, the offset and the choice of harmonic. As expected the angular acceptance is a critical parameter and it has to be chosen carefully if one wants to keep the circular polarization above 98%. The interesting results is the facts that the 2 nd harmonic have a good circular polarization (as good as the 1 st harmonic) making its use fully compatible with XMCD measurements. This allows us to cover the full energy range 350-2500 eV of our beamline without the need of the third harmonic, which gives much less flux even though also fully circularly polarized.
